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Objective: Post-thrombotic venous claudication is a serious condition that may be treated with iliac vein stenting or open
surgery, and there is a need for hemodynamic tests in the preoperative evaluation. The purpose of this study was to
describe the results of venous occlusion plethysmography in patients with venous claudication and to analyze the outﬂow
curve to ﬁnd variables that best describe the functional abnormality in this patient group.
Methods: Twenty-nine patients with previous deep venous thrombosis and with clinical evidence of venous claudication
were retrospectively identiﬁed. The results of venous occlusion plethysmography in these patients were compared with
results obtained in a group of 63 healthy control subjects of similar age and sex. Computerized strain-gauge plethys-
mography was used in a capacitance mode where the occlusion time is determined by an electronic detector allowing the
maximal venous volume to be achieved in all limbs. Outﬂow volumes (OV1, OV4) and outﬂow fractions (OF1, OF4) were
calculated at 1 and 4 seconds after cuff release. Outﬂow fraction is OV divided by maximal venous volume.
Results: Both outﬂow volumes and outﬂow fractions were signiﬁcantly reduced in patients compared with healthy control
subjects. Outﬂow fractions were more sensitive than outﬂow volumes in identifying patients with venous claudication.
The most discriminating variable was OF4 that was reduced below the normal lower limit in 69% of the patients, most
severely reduced in patients with severe claudication.
Conclusions: Patients with venous claudication attributable to remaining post-thrombotic iliofemoral obstructive disease
are characterized by a functional disturbance shown with venous occlusion plethysmography as a reduced venous outﬂow
during the initial 4 seconds following cuff release in relation to their true maximal venous volume. Our results suggest
that venous occlusion plethysmography can be a valuable tool in the preoperative workup for selection of patients with
iliofemoral vein obstruction that may beneﬁt from venous intervention. (J Vasc Surg 2013;58:722-6.)Post-thrombotic syndrome is a chronic consequence of
deep venous thrombosis (DVT), occurring in about 40% of
DVT patients and despite adequate anticoagulative treat-
ment.1,2 Two serious clinical consequences are venous
ulcerations and venous claudication, the former associated
with valvular dysfunction and deep venous reﬂux, while
the latter is shown to be more related to persistent iliofe-
moral obstruction.3-5 The clinical severity is highly variable.
A patient with an iliofemoral obstruction demonstrated by
imaging techniques may be totally asymptomatic even
when running, or may have severe claudication, swelling
or skin changes.
Percutaneous endovenous stenting has increasingly
been used to recanalize and restore vein lumen in chronic
venous occlusions, in many cases associated with signiﬁcant
symptomatic and clinical improvement, with low complica-
tion rates.6-9 Compared with open deep venous recon-
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venous ulcers, stenting may be offered to patients with
symptoms without skin changes (ie, claudication or
swelling). However, in the clinical situation it is often difﬁ-
cult to decide which patient will beneﬁt from the proce-
dure. One reason for this is the poor correlation between
symptoms and the degree of outﬂow stenosis or obstruc-
tion on imaging techniques. Another reason is the varying
results in the literature regarding venous function test
results and clinical symptoms of venous claudication, as
well as regarding the relationship between functional and
clinical improvement after endovenous or surgical interven-
tion.7,9,10 Thus, the hemodynamic tests that have been
used so far lack accuracy in describing the venous dysfunc-
tion associated with venous claudication.
In this, report we present results from venous occlusion
plethysmography (VOP) in patients with post-thrombotic
venous claudication using modern computerized and
highly reproducible plethysmographic technique. The aim
was to analyze the outﬂow curve to ﬁnd variables that
best describe the functional abnormality in this patient
group.
METHODS
Patients and control subjects. The charts from all
patients referred to Vascular Laboratory for venous plethys-
mography between 2007 and 2011 because of symptomatic
post-thrombotic disease were reviewed. All these patients
had a veriﬁed earlier incidence of DVT, either iliofemoral
or infrainguinal. Among these, 29 patients with a clinical
Table I. Demographic and clinical data for healthy
control subjects and for patients with venous claudication
Controls
(n ¼ 63)
Patients
(n ¼ 29)
Male/female ratio 1:3 1:2
Age, years, mean (range) 48 (24-69) 46 (22-72)
DVT side right/left, No. - 7/22
Years since acute DVT, mean (range) - 8 (1-30)
Edema, No. (%) 0 23 (79%)
Skin changes, No. (%) 0 13 (45%)
Imaging test resultsa
Residual iliac thromboses, No. (%) - 26 (90%)
Only infrainguinal disease, No. (%) - 2 (7%)
Patent iliofemoral stents, No. (%) - 1 (3%)
DVT, Deep venous thrombosis.
aAll patients underwent duplex ultrasound, 15 patients (52%) underwent
phlebography, and 14 patients (48%) underwent computed tomography
and/or magnetic resonance.
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Fig 1. Schematic presentation of the volume curve and the
measurements obtained at the venous occlusion plethysmography,
during and after cuff occlusion. OV1 is the outﬂow volume during
the ﬁrst second after cuff pressure release and OV4 is the outﬂow
volume during the initial 4 seconds after cuff pressure release. OF,
Outﬂow fraction; V, venous volume.
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Volume 58, Number 3 Rosfors and Blomgren 723history of venous claudication were identiﬁed (study pop-
ulation). One experienced vascular surgeon (L.B.) classiﬁed
the claudication as mild or severe. Severe claudication was
deﬁned as pain emerging during exercise that was not
relieved spontaneously shortly after exercise and which
limited the patients’ walking ability. Only clinical history of
venous claudication in combination with a documented
earlier incidence of DVT was used for this classiﬁcation.
Neither plethysmographic results nor results from any
imaging procedure were included in the evaluation of
venous claudication.
In addition to clinical examination and venous plethys-
mography, all patients underwent color duplex ultrasound
scanning to objectively document the anatomic distribution
of post-thrombotic disease. Fifteen patients also underwent
phlebography, and14patients underwent computed tomog-
raphy and/or magnetic resonance. Clinical classiﬁcation was
accomplished using the clinical class (C)- of the CEAP
score.11 Demographics of the patients are shown in Table I.
Venous plethysmography was performed in 63 healthy
subjects. None of the healthy subjects had visible varicose
veins, earlier thromboembolic disease, known malignancy
or thrombophilia, or complaints from the legs such as
pain, heaviness, or edema. None of the healthy subjects
had undergone surgical procedures during the last 6
months. The healthy subjects had similar age and sex as
the study population (Table I).
VOP. Measurements of venous volume and outﬂow
were performed using a computerized strain-gauge
plethysmograph (SI Veintest 2; Sels Instruments NV,
Vorselaar, Belgium). The patients were in a supine position
with the heels resting on a support elevating the lower
limbs 40 cm above bed level and the knee angle in
approximately 90 degrees. Inﬂatable cuffs were wrapped
around the upper part of the thighs and the strain-gauge
wires were placed around the largest part of each
calf.12,13 Venous volume (V, mL per 100 mL) was
measured during venous occlusion imposed by thigh cuffs
inﬂated to a pressure of 60 mm Hg by use of the capaci-
tance mode. With this mode, the occlusion time is deter-
mined by an electronic detector allowing the maximal
venous volume to be achieved in both limbs.14,15 When
a volume curve plateau was established in both legs (in
the capacitance mode detected by the instrument when
venous ﬁlling is less than 0.1 mL per 100 mL over 20
seconds), the cuff pressure was rapidly released, allowing
outﬂow of the accumulated blood and a fall in the volume
curve (Fig 1). The following variables describing venous
outﬂow capacity were calculated: OV1 (outﬂow volume
during the ﬁrst second after deﬂation, mL per 100 mL);
OV4 (outﬂow volume during the initial 4 seconds after de-
ﬂation, mL per 100 mL); OF1 (outﬂow fraction, OV1/V);
and OF4 (outﬂow fraction, OV4/V). The mean of two
determinations was used for each variable. At our labora-
tory, the coefﬁcients of variation for repeated measure-
ments of OV and OF are 6%.
Statistics and ethics. All normally distributed variables
are presented as mean and 95% conﬁdence intervals (CIs)and differences between means were tested for signiﬁcance
using paired and unpaired two-sided Student t-tests.
Differences between proportions were analyzed using c2
tests. Statistical signiﬁcance was assumed at P < .05. The
statistical analyses were performed using Statistica 10.0
(StatSoft Inc, Tulsa, Okla).
The study was approved by the local ethics committee
and conducted according to the Declaration of Helsinki.
The healthy control subjects gave their written informed
consent prior to their inclusion.
RESULTS
VOP in healthy controls. There was no difference
between right and left limb for any of the calculated vari-
ables. Therefore, the result for each variable is calculated
and presented as a mean for both limbs (right leg þ left
Table II. Results from venous occlusion plethysmography in healthy control subjects (n ¼ 63) and in patients with
venous claudication (n ¼ 29)
Control subjects,
mean (95% CI)
Lower limit of
normality, mean
Patients, mean
(95% CI)
Patients with reduced
value, No. (%)
OV1, mL/100 mL 1.83 (1.73-1.93) 1.03 1.46
a (1.30-1.63) 4 (14)
OF1, OV1/V 0.30 (0.29-0.31) 0.20 0.22
a (0.20-0.24) 9 (31)
OV4, mL/100 mL 4.65 (4.40-4.91) 2.6 3.64
a (3.31-3.98) 2 (7)
OF4, OV4/V 0.76 (0.74-0.78) 0.62 0.56
a (0.52-0.60) 20 (69)
CI, Conﬁdence interval; OF, outﬂow fraction; OV, outﬂow volume; SD, standard deviation; V, volume.
OV after 1 and 4 seconds, respectively. OF is outﬂow volume divided by maximal venous volume (V, mL/100 mL). Lower limit of normality is mean two
SDs in control subjects.
aP < .001 compared with control subjects.
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late the lower limit of the normal range as mean e two
standard deviations (SDs) (Table II). Venous volume was
6.2 (95% CI, 5.8-6.6) and with the normal range from 3.4
to 9.0 mL per 100 mL (mean 6 two SDs).
Patients with venous claudication. According to
CEAP scoring, 11 patients had C3, 10 patients had C4,
and three patients had C5/C6. All patients had imaging
results demonstrating post-thrombotic disease. Fourteen
patients had iliac vein occlusion, 12 patients had non-
occluding residual iliac vein thromboses with recanalized or
partly recanalized veins, and two patients had only infrain-
guinal post-thrombotic disease. One of the latter had severe
obstructive femoral vein disease, and the other had deep
venous reﬂux without evidence of residual obstructive
disease. The remaining patient was treated several years ago
with iliofemoral vein stenting at another hospital. These
stents were found to be patent, although she was still symp-
tomatic with clinical suggestions of venous claudication.
Venous volumewas 6.7 (95%CI, 6.0-7.4); no signiﬁcant
difference compared with controls. Both outﬂow volumes
and outﬂow fractions were signiﬁcantly reduced in patients
compared with healthy control subjects (Table II). Outﬂow
fractions were more sensitive than outﬂow volumes in
identifying patients with venous claudication. The most
discriminating variable was OF4 that was reduced below
the normal lower limit in 69% of the patients (Fig 2).
Four patients had reduced OV1; three of these also had
a reduced OF4. The remaining patient had borderline
reduced OF4 (0.66). All patients with a reduced OF1
(n ¼ 9) and all patients with a reduced OV4 (n ¼ 2) also
had an OF4 below the normal limit.
Twopatients had severe venous claudication; the remain-
ing 27 were classiﬁed as having mild claudication. These two
patients had severely reduced outﬂow fractionsdindeed, the
two lowest values among all patients, both for OF1 and OF4
(0.14 and 0.12 for OF1 and 0.42 and 0.36 for OF4).
Analysis of patients with normal OF4. There were
nine patients with OF4 > 0.62. Four of these patients
had borderline reduced OF4 (ie, 0.63-0.66). Two patients
had 0.67-0.68; both of these had an important difference
between the symptomatic and the contralateral limb with
0.82 and 0.81, respectively, on the symptom-free side.
From healthy controls, we calculated that the normal sidedifference for OF4 should be <0.10 (mean side difference
e two SDs for side difference).
The remaining three patients had OF4 > 0.70. One of
these patients was the one earlier treated with iliofemoral
stenting with a patent stent. One patient had nonoccluding
residual iliac vein thrombosis and one patient had only
infrainguinal disease where imaging tests showed post-
thrombotic valvular disease without obvious obstructive
component. These patients had no difference in OF4
between the limbs, and all had a symptom-free contralat-
eral leg.
DISCUSSION
We report here results from venous occlusion plethys-
mography in 29 patients with post-thrombotic disease
and symptoms of venous claudication in comparison with
results obtained in 63 healthy control subjects. Our main
ﬁnding in patients with venous claudication was a reduced
outﬂow volume during the initial 4 seconds in relation to
the maximal venous volume (ie, a reduced outﬂow fraction
at 4 seconds [OF4]). Ninety percent of the patients had
imaging results of residual iliac vein thrombosis, which
further demonstrate the earlier described association
between venous claudication and iliac obstructive disease.
The computerized technique for VOP was introduced
during the 1990s.12,14 Since then, a reﬁnement of the tech-
nique has occurred mostly with development of the soft-
ware. At our laboratory, the computerized technique
allows automatic calculation of variables in a highly repro-
ducible way with a coefﬁcient of variation of 6%. Moreover,
the technique uses a capacitance mode instead of a ﬁxed
time for venous occlusion where the machine automatically
detects the plateau of volumetric ﬁlling and the occlusion
cuffs are not deﬂated until maximum ﬁlling is achieved in
both limbs.15 Presumably, the sensitivity of the test
increases when occlusion is maintained long enough to
ensure ﬁlling of the limb to its maximal capacity, especially
in chronic venous disease with somewhat dilated veins.
Since 80% of our patients had ﬁlling times longer than
4 minutes, the ﬁxed time for occlusion used in some
previous studies (1, 2, or 3 minutes), might in many cases
be too short to reach maximum ﬁlling.3,9 It is also possible
that electronic detection of the volume plateau is superior
to manual visual detection used in many devices.
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Fig 2. Outﬂow fraction at 4 seconds (OF4) for healthy control
subjects (n ¼ 63) and for patients with venous claudication
(n ¼ 29) measured with computerized venous occlusion plethys-
mography. The median value for each group is outlined. Unﬁlled
circles (B) denote patients with severe venous claudication.
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obstruction, it is necessary to evaluate not only the ﬁrst
second of venous outﬂow but the whole outﬂow curve
and especially the initial 4 seconds following release of
cuff occlusion. This is logical for an isolated proximal
obstruction far from the measuring site, and it is earlier
described that isolated iliac DVT even in the acute phase
can have a normal initial outﬂow rate and a slow second
phase of the outﬂow curve.16 In chronic disease, it is neces-
sary to relate the outﬂow to the venous volume, since these
patients often have dilated veins as a compensatory mech-
anism. This is a rather common approach but often only
regarding the ﬁrst second (OF1).
17 In our patients with
venous claudication, 69% had reduced OF4, but only 31%
had reduced OF1 (P < .05).
We demonstrated that in healthy control subjects
around 75% of the maximal venous volume is expelled in
4 seconds. This ﬁts very well with the ﬁndings of Shi
et al using an earlier version of this equipment.14 More-
over, our patients with only varicose vein disease expel
75% to 80% (own unpublished observations). Contrary to
this, our patients with venous claudication only expel
around 55% of the venous volume in 4 seconds, probably
demonstrating the relatively decreased outﬂow capacity
contributing to the symptoms of pain and swelling during
exercise in these patients.18 In a previous follow-up study
of a small series of patients with pregnancy-related DVT,
we found a borderline signiﬁcant relationship between
degree of venous claudication and OF4 (r ¼ 0.39;
P ¼ .056).19
On the basis of our ﬁndings, we suggest that patients
with symptoms of clinically important venous claudication
in need of venous intervention, with imaging tests showing
iliac obstruction and where VOP shows reduced OF4 at
around 0.62 or lower, have a remaining functional outﬂowobstruction that may beneﬁt from endoluminal treatment.
This is probably also the case if OF4 is slightly reduced to
around 0.63-0.67, especially if there is a side difference in
OF4 larger than 0.10. A value at about 0.40 or lower
suggests severe degree of outﬂow obstruction. If OV4 is
above 0.70, the situation is unclear, the clinical diagnosis
of venous claudication might be challenged (as in one or
two of our patients), or the patients could be subjected
to further functional investigations with, for example,
femoral venous pressure measurements during exercise
or arm/foot pressure differentials.20 To reach further,
studies of VOP before and after recanalization and suc-
cessful stenting with clinical improvement will be of
importance.
VOP can be performed either with air plethysmog-
raphy,5,7,9,17 or as in the present study with strain-gauge
plethysmography.3,4,6,10 The present analyses of the out-
ﬂow curves using strain-gauge technique can similarly be
applied for air plethysmography, although the ﬁgures will
probably be different and the actual limits of normality
have to be deﬁned. Most of our patients in addition to
outﬂow obstruction also had venous valvular dysfunction.
This can be hemodynamically evaluated by dynamic mea-
surements of volume changes during exercise simulating
ambulatory venous pressure, either by strain-gauge 6,13 or
air plethysmography.5,7 However, since we focused on
outﬂow obstruction and outﬂow function, these measure-
ments are not included in the present report.
CONCLUSIONS
Patients with venous claudication attributable to
remaining post-thrombotic iliac obstructive disease are
characterized by a functional disturbance shown with
venous occlusion plethysmography as a reduced venous
outﬂow during the initial 4 seconds following cuff release
in relation to their true maximal venous volume. Venous
occlusion plethysmography can be a valuable tool in the
preoperative workup for selection of patients with iliac
vein obstruction that may beneﬁt from venous stenting.
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